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clouds around ancl about, aiid to tlie emt of the fire, again 
made their ~ipearance,  while in every other quarter i t  
was clear. how, said I, to one of the company, ‘If 
Espy’s theory is worth anyt,hing, we should have a.shon-cr 
of ran.’  

“The clouds now began to grow more niassive, mid 
repeatedly changed color, giring dccidetl evidence of t in  
approa.ching storm. In a few ni0incnt.s nioro t . 1 ~  rain 
began to fall, fiist in large crystal c1ro )s in esnct iriiit.nt,ioii 
of an evening sunshine shower, and t. 1 ic’n n heavy dnsh of 
rain clesoencled, which wet us to t.lie skin, and cont,inued 
until the fire was estinguishcd. 

“For weeks before there had not bee11 a cloud to be 
seen, and at t,lie t h e  t,he rain was descendiiig there were 
110 clouds to be seen, excc t on t,lie islnnd in the imnic- 
tliate vicinity of t.lie fire. Ererv place else was enre1lopecl 
in clear, bright sunshine. Th’e; evidence that the rain 
was caused by the fire was unniist~akable, for wititli t.hc fire 
came the clouds, with t,lie clouds, the rain; and \\--hen the 
fire was quenched by the rain, dl was agnin brightness 
and sunshine. 

ABEL SHAWL” 1 L  

FALLOW FIRE AND SHOWER I N  N E W  IIA3fPSHIKE. 

“In July, 1556, I had occasion to cross this ridge [ u ~ ~ t ,  
of I h n e ,  N. H.] and to pause on it’s suniniit to give n 
little rest to ‘adecl animals. The weather was esces- 

breath of wind st,irring. Looking to t.hc sout,lien.st a t  B 
distance of some 5 or 6 miles, I saw a fire just kintlled in a 
fallow of some acres est.ent. * * * Lip went the 
column straight as an arrow, and mon i t  bcgan t.0 espa.nd 
at. tlie top and assume the appearance of cloud. This 
cloud, with its base stationary, espandccl up\v;ird, aiid 
swelled as if a huge engine was below wit.11 it,s n l v e  open 
for tlie escape of steam. The thin u7hit.e cap appcn.recl; 
the rolor changed, ancl soon the rain began t.0 clcscend. 
“ 1 t. reniainecl stat,ionary for rz few minutes, loomiw 

up higher and widening on eit,lier side a few minutcs, an8 
then eniled off in an east.ern direct.ion, pouring clown t,or- 
rent,s of rain in it,s pathway. I do not know t,he esil.ctr 
t,ime occupied in this process, but I do not think more 
than half an hour elapsed between the kindling of t.he 
fire and the time the rain conimenctd falling. All this 
time a t  my point of observation the sun was shining 
brightly, and, besides that one over the fire, there was 
no cloud to be seen.” 

sively hot. N-l ot a cloud was t.0 be seen, nor was t-here x 

‘ ‘ J. D. WILLIAMYON, 
‘‘€’a&or qf’ t ? f ~  Pimt Iin iwwilist C’hitrch . 

“OCTOBER 30, 1556.” 

THUNDERSHOWERS FROM GRASS FlRES I N  PARAGUAY. 

“M. Dobrezhoffer, in his account. of the Abiphones of 
Paraguay, volume 3, page 150, sa.ys: ‘I, myself, have 
seen clouds and li litning woduced from the smoke over 

whirlwind; so that the Indians are not to blame for 
setting fire to the plains in order t,o produce rain, t.hey 
having learned that the thicker snioke turns into ( h d s ,  
which pour forth water.’ 

“The bad philosophy of sup ~osiiig t.hat t.he smoke. 
turned into cloud does not i n r a h a t e  the evidence here 
furnished, that rain was produced by the fire.” 

the tall grass an 2 bulrus h es, as it is flying off like a 

.. .. . . . -. - - -- .. .. _- .- __ . - - . .- . - . . . 

WLCAPTO RAINS.? 

i’.Baron Humboldt gives, as an instance of what he 
calls the t n p t e r i o ~ i s  connection between volcanoes and 
rain, the fact that when a volcano breaks out in South 
America in the dry season, it turns it, while the volcano 
is in b h t ,  into a rainy season. 

“In his Views of Nature, page 366, speaking of Vesuvius 
in the last great eruption, he says: ‘The lon drought 
which had parched and desolated the fields B efore the 
erupt,ion was succeeded toward the terniination of the 
phenomenon by a continued ancl riolent rain, occasioned 
by the wdcctr,iiic storm which we have just described. A 
siniilar phenomenon c.haracterizes the termination of an 
eruption in all zones of the earth. As the cone of cinders 
is usually w-rapped in clouds a t  this period, and as the 
rain is poured fort,li with more violelice near this ortion 
of the volcano, streams of mud are generally o % served 
to descend from the sides in all directions.’ ” 

HEIGHTS OF CUMULUS CLOUDS FOXMINCI OVES FIRES. 

By 8. P. FERGLWWN and C. F. BROOKS, Meteorologists. 

[Dated: Weather Burrao. Washington. D. C.. May 3, 1919.1 
Apparently, very few rnensiiremeiits have been made 

of t,he height! or movement of cumulus clnutls oyer fires. 
The writers knom of but sis instniices of the kind, and 
since they are of unusual interest to students it Yeenis 
desiriihlc to prc;;ciit n brief nccount, of the formation and 
heights of these clouds. 

The first csimiple is a nielwurement niacle by A. E. 
Sweetland mtl S. P. Fergusson of two smdl  cumulus 
clouds forming over a fire which dest:royed t,he Bay State 
Iron Works, in South Bostmi, June 30, lS99.l on this 
d a h  t,lie weather was fair, t.he sky nenrly cloudless in the 
afternoon, nnrl t,he surfnce wind very livht and from a 
west,crl;v direction. The fire began shorth before S p. m. 
n n t ~  the smoke-cloud WRS not of unusual size, but rose 
rertically to a. considersble height (SO0 to 1,000 meters), 
enrountering a.t this height a northwesterly wind, which 
swept it nearly horixdntally over Boston Harbor. The 
smoke reacliecl its greatest hei .lit about P:05 p. ni. At 
Y:OS p. ni. a small white cloud f egan to form a t  the apes 
of the smoke, which a t  this time was nearly over Long 
Island, in tlie harbor. This c,loud increased rapidly in 
height,, assuming the forni of a true ruiiiulus, a.nd reached 
its greatest dinlensions a t  S : O 5  p. ni. It was about 3” 
in height and lengt-h, the highest or thickest end being 
toward the north. Between S:05 and S:07 p. m. another, 
smaller cloud formed a t  the easBern edge of a rift in the 
smoke considerhly lower than the first and about 5” 
fa.rther norbli. Mr. Sweetland, at  Wintlirop, 8 kilo- 
meters northeastm of the fire, estimated the altitude of 
the higher cloud to be 15’: while a measurenierit with 
nephoscope by Mr. Ferpsson a t  Blue Hill Ob.. ;ervatorp 16 
kilometers south of the fire, gave 10” 8.s itb a.ltitu e as 
seen froni the observatory. These measurements show 
that the higher of the two clouds was at least 3,500 meters, 
while that of the lower was about 2,000 metem, above 
sea level. 

The snioke began to diminish in quantity at S:07 p. m. 
and se larated froni the clouds, which became flatter and 
more e \ ongated. At S:11 they separated from the smoke 
11y it space several degrees wide, and aft.er this time they 
slowly evaporated. 

common formation Of gre3t cumulus clouds owr tlir S ~ F ~ M B  fires during tlir dry st-ason 
in tropical -4frira.-EurT, 

1 Described with skctrb in Science July 21 1899. p. 86. 
a Cf. Hsnn’s Lehrbuch 6 .  Metc.urol&gle, 3d id., 1915, p. 692.-EDlT, 
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Time _.._. . _ _  _ _  _. . . . __. . . . . . . __. . __. . . 
Altitude.. . _. ._... .._. .. _. ..___. .___. 
Azimuth .__..._..___...__..___._.___. 
Prohnblr flist.nnce of douil.. . . . . . . . . . 
Height n1)ove sea levcl. -. . . . __. . . . ._. 

During the conditions prevailing on June 30-reln.tivelv 
dry air and clear sky-the level a t  which cumulus will 
form is higher than usual, but a t  or after sunset,, when the 
fire occurred, the level where condensation in nir rising 
from the surface would occur must have been considernbly 
lower. At the Boston office of the ITenfher Bureau tit S . m. the temperature of the air was 19.7' C!. and the 
sew poin t 6.7' C. Under forced nscen t and n.dia1~n.t ic 
cooling, air witrli t'liis temperat.ure and dewpoint would 
become cloudy at about 1,700 meters above sen level 
[Hm= (ta- ta )/.0077]. Therefore, it appenrs t.hat t.he fire 
caused clou& to form some 300 to  SO0 meters higlisr 
than might otherwise hare been tlie case. 

The nest instance occurred on A p d  13, lYOS, tIuring 
the great confla ation in Chelsea, Mnss., when more 
than 3 square n i i g  of city blocks were consumed. Tllc 
&e began about 11 a. in. and the cloucls formed between 
2 and 3 p. m., when the column of heated air was at ibe 
maximum estent. 

The sky was cloudless, the temperature in the nfternoon 
was 7°C. (or below normal), the relative humidity was 
very low-14 per cent-and a strong ga.le blew from tlie 

4 3 5  p. m.. . . . . 4:35 p. m ___. . . 4 3 5  p. m. 
SAo. .  ._.._.___ 4.6'. . _.___.... 3.1'. 
250.Y.. . ______  B S . 5 O . .  ._..... 261". 
17 kilometers.. 1s kllometers. 18 kilometers. 
1,W mcters. _ _  1,700 meters. _ _  1,aOO meters. 

A third esmiple occurred on October 31, 19OS, when 
t.lie column of heated air was not of itself sufficient to 
form clouds of appreciable size., but caused a. rapid in- 
crexse in diniensions of small fracto-cumuli drifting 
over the fire. On this occasion a large barn about f! kilo- 
meters east of Blue Hill Obwrntorj- wns consumed. 
Thc contents, diiefly hay and stmw, burned with great 
intensitmy, the flanies rising 30 met,ers above the building. 
The fire began n t  1 :I5 p. in. and reached its ninsinluni 
intensitmy a t  about 1:&5 p. ni. On this dat.e the t.enipera- 
ture was below norinal nnd a moist, sen. breeze of about 
7 mi./s. was blowing from t,lie nort.heast. A few sniall 
frncte-cutnilus clouds were florttiiig in this wind at. a 
height, tiet,erniined by ohservst,ions of their s h n d o ~ s ,  of 
tiljout 1,000 met,ers. The obser~:it.ioiis and sket,cli (fig. 1) 
given were ninde :it, the time l q  Mr. Fergusson. 

A t  1:X) p. in. n. fmv dist,inct nuclei were observed in 
tlie upper surface of the smoke cloud and between t.liis 
binie arid 1 : X I  11. 111. the nunihsr varied from one or two 
t,o more thnn IO. A t  1 :?J5 11. in. a sninll patch of fracto- 
cumulus on drif t.ing into the smoke rapidly increased 
in c-lensity, a shell of cloud forining out.sirle the original 

I 1 -- 

~ ~ ~~~~ ~- 

FIQ. 1.-Growth of cumulus clouds in heated air over flre, Milton, Mass., act. 21, 190s. A, 1:3: p. in.; B. 1:40 p. in.; C. 1:42 p. xi.: D, 1:G p. m. 

north-northwest. The column of smoke was of immense 
size, and at its highest point, situated over Boston Hnr- 
bor some 19 kilometeis from Chlsea there fornipd a 
succession of flat, white cumulus clouds, which af Lcr 
drifting farther to leeward, slowly dissolved ns they 
stink into a wanner stratum, because no longer supported 
by the rising column of heated air. 

Ap roximate angular measurements, made a t  BlU3 
Hill 8bservatory by Mr. L. A. Wells snd in Boston by 
Prof. A. L. Rotch, gave the minimum height of tlieae 
clouds between 4 and 5 miles (average, 7,300 meteis). 
Their relative velocity, compared with the surface wind, 
also indicated that the were much higher than the 

(1,609 meters). Mr. Fergusson discussed these obserra- 
tions with Prof. Rot& at the time, and although the alti- 
tudes were estimated, both observers were accustonied to 
making such estimates ; and while almost a.11 estimates 
of altitudes are too high, it does not seen1 likely that tho 
height given is more than 1,000 meters too great. Duriiig 
the conditions prevailing on the afternoon of April 13, 
1908, the potential height of the bmes of cumulus clouds, 
computed from the depression of the dewpoint, was 
about 3,500 meters. Hence, we have in this a good 
exaniple of a cloud forming artificially a t  nearly twice 
t,he height it should fbnn under natural conditkm. 

This cloud was described by Prof. Rot8ch in Science, 
May 15, 1908, pages 783-784. 

ordinary cumuli which B oat at the level of about a mile 

cloud, nncl wliic?h slowly united with it. A t  1:40 p. m. 
the sninll cloud wits double -its original size, aft.er which 
it rliminishctl, disn.ppenring a t  1 :55 p. ni. The height of 
this cloud, obsrrx-ed h,- means of a t,ransit, was sbout 
1,100 mebers, or slightly himher than t,he clouds in the 
free air a t  a dist,nnce from tKe ire. 

In fityurt? 1 t.he successive appeerniices of the small doud 
. iii t,hc Eeat,otl air column tire mdicnt,ed by A, B, C. n n d  D. - The fourth esnmple also was obtained at8 Blue HiU 
Obscrvnt.ory, by C. I?. Brooks on Julv 23, 1913, when 
a. large cuniulus fornird over a. burning fert,ilizer fnc- 
tory in Weynouth, 1 B kiloniebers east-northeast of the 
observatory. The fire began a t  3 3 5  p. m. and t,he 
smoke cloud reached its niasinium intensitmy atr 3:47 
m., rising a t  an apparent angle of 330 to -380. TL 
c-umulus cloud :ippeared a t  4 p. m. and disappeared 
st. 5 p. ni. Photographs were: nincle at. 4, 4:03, and 
4:15 p. m. The foIlowi~ig obsormtions were macle with 

t,ril,~lsi t. : 

-- - 
Azimuth of fire, ?So; direction and velocity of wind, 5. (380°), 7 m./s. 
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The t,emperature at, Blue Hill was about 25' C. At 
S p. m. it. was 18.9', the dew oint 16.7', and the mas- 
imum of the day 2S.3' C. Tferefore, the height, of t;hc 

ot.eiit,ial cumulus base was ahout 1,000 m. above Blue 
El ill, or 1,200 ni. above sea. level. Thus, tlie fire-formed 
cloud seems to have been hut litt.le, if any, higher t.lirin 
the elevation ttt which clouds would have formccl ii:it.- 
urally. 

Thc fift,li esaniple was ohserved n.t4 Lindeiihur 
ninny, on .July 39, 191'7, by Dr. H. Hcrgesell, tin( II de- 
scription wit.h a p h n t q p p h  was publislieil hy him in  Dns 
Wett.er, .nugust-sept,eniber. 1917, pa P S  17S-li9. On 
that date a lnrge forest fire occurred an! the smoke cloud. 

. niountiiig to 1,355 nietms, J.lecame liniiteil, for t,hc most. 
pa.rt,, by an inversion of t,empcra ture (ohserved 1:)v kit.cs 
at 1.000-1.200 met.ers'l. Over t,he hott,est. ,art. of the fire, 
how-erer, the upcurrent was warm enoug ! 1, wit,li the aid 
of the latent lieat from condensation, t.o push t,hrough 
this 1imit.ing inversion layor and to form a. cumulus cloud 
wit.h an apex rising t,o 1,SOO nietcrs. 

7' 

The last esample is that! given by M i .  Reichelt on 
page 144 of t>hihis issue of the REVIEW. The height of the 
base of t.lie cloud ohserved was nhout 1,500 feet and that 
of the t,op 2.500 feet (npproximnt,ely 450 and 750 meters, 
rcspcctively). From t,lie data as to temperature mid 
humidity given, tlie height of tlie potential base of 
cumulus clouds a t  t,hat t h e  WRY 750-8.50 meters. Thus 
i t  seenis t,ha t the moisture conhined in the burning 
leaves added so much huniidit,y t,o the nir t,hat even n t  trhe 
high tempmi ture of t,hc rising column condensn tioii took 
plnce nppreciahly lowrr thiui would have result,ed froni 
fireless conwxdon. 

From t,hese esaniplrs. it appears thnt the height a.t 
which cumulus clouds will form over fires ilopends large1 
on the dryiiess of the hot, :iir nscending from the fire : a n k  
t.licrefore, t.li:xt t,he height, of tlia cloud ha.se is generally 
greahr owr hurniug huildings t.linn t,he height4 of the 
pot.eiitia1 hase if there were noiminl couvectioii, but less 
ovcr burning lenvcs or other rnat.erid cont~riiiing much 
water. 

RESULTS OF OBSEBVATIONS OF CLOUDS DURING TEE SOLAE ECLIPSE JUNE 8, 1918. 

By S. P. FERGUSSOS, Meteorologist. 
[Dnted: Weather BWC~U. Wsshlngtnn, D. C.. M a y  3, 1919.1 

0hservat.ions of the kind, amount, direction (azimuth), 
r e h i v e  velocit,y, and positZion of clouds were received 
from 17 stations equipped with nephoscopes and locnt,ed 
within or near the zone of 90 per cent *totality: also, 
there are nvnilahle a.t these ancl other stations, notes con- 
cerning clianges in appearmice of clouds, uniisual phe- 
nomena, etc. At two stations nephosco es were impro- 
r i d  by the observers, and a t  n thirc Q nzimut.lis were 
ol->serrecl by means of. a compass. 

Ohervations of nzmuth, etc,, were made every half 
hour from noon local standard time until the last regular 
obacrrnt.ion of the day, exce t cluring the period begin- 
ning an.hour before and en$ng an hour aft.er totality, 
when t.hey were ninde every 10 minutes. 

Talde 1 contains all the data of azimut.li a.nd relative 
\-eloritmy of clouds observed continuou4y during the 
ecJipse, excepting those a t  stations reporting se.v?re 
thunders tornis and s tations where no change of condit.ion 
was observed. The data from the latter a.re referred to 
in the notes accompnn ing the table. 

are plotted with reference to the position of the shadow 
according to the method em loyed in the study of the 
winds and described in the ~ W I E W  for January, 1919, 
47: 13-13. The data are given for each 10-minute m- 
terval before and after t,otality. 

As in the instance of the wind at the earth's surface, it  
is to be expected that the direction of motion of the lower 
clouds, and perhaps, under estremely favorable circum- 
stances, that of the upper clouds, win be affected by the 
eclipseshadow. However, since the mean velocity of 
the wind in which the clouds float is higher than that 
of the surface wind, the influence of the shadow will be 
definitely measurable on1 when the velocities of the 

instance of the lower clouds accurate measures of the 
direction often are difficult to obtain, particularly when 
the conditions are favorable for loca storms and the 
coni lex movements, horizontal and vertical, of parts 

general drift of the air. 'In one im ortant respect 
observations of clouds are of greater va e ue than records 
of wind a t  the surface; they indicate motions of the free 
air uninfluenced by loc.al topography (mountains, build- 
ings, etc.). 

I n  figure 1 the ac tm 9 observations of azimuth, as made, 

upper air are relatively s Q ow or below normal. In  the 

of t R e same cloud are likely to be confused with the 

As stated in the discussion of the winds recorded 
during the eclipse, the meteorolo ical conditions generally 

because of thundcrstoiis and other local phenomena, 
and for this renson many of the records of cloud observa- 
tions could not be used. One very favorable circum- 
stance was that the velocities of clouds in nearly all 
instances were unusuallv low. 

near the shadow-path, were uii 9 avorahle for this study 

FIG. I.--Chanqos in tho directious nl  clourls durinc tho solar eclipse, Juno 8,1910. 

No data of diurnal variations of the direc,tion and rela- 
tive velocit of clouds are available for the United States 

u per clouds tends to become more westerly in the early 

For esam le, clouds moving from azimuth 130' at 10 

back to 130' by 6 p. m. It is re:isonable to suppose that 
the same kinds of clouds follow the sime general law, a t  
least approsimately, n t  stations in other arts of this 

diurnal 
periods are small and that unusunl. conditions prevailed 
on June 8,  it is considered iiiadvisable to attempt to 
apply corrections. The average duration of the eclipse 
at  any station was about two houis and the difference 

esce t in d ew Englancl. Averages of hourly observations 
a t  B f ue Hill Observatory show that the direction of the 

a F ternoon ancl return to the original point toward evenmg. 

a. In. wou f d very probably change to 110' at 1 p. m. and 

country; but, in view of the facts that tiese P 


